Nitrogen compounds play a very important role in the atmosphere's chemical conversion processes. While compounds in the gas phase can be measured by high temporal and spatial resolution using optical and remote sensing methods it is crucial to have analytical methods that enable to measure the aerosols from a short sampling period while retaining the information on the size distribution of the particles. A near edge X-ray absorption fine structure (NEXAFS) investigation in conjunction with total reflection X-ray fluorescence (TXRF) analysis of minute depositions on wafer surfaces is able to contribute to the speciation of the atmospherically important low-Z elements (C, N and O). TXRF using high flux and tunable synchrotron radiation for the specimen excitation is a powerful technique for the non-destructive analysis of nanoscopic (10 -9 g) amounts of solid material collected on silicon wafer surfaces allowing sampling for short time (1-10 min) or sampling in areas with very low aerosol mass concentration. Aerosol samples were collected at different locations close to seashore in Italy and at the Italian base near Ross Sea (Antarctica). Particles were sampled on silicon wafers using a seven-stage May cascade impactor. Aerosol collection was performed only at stages 5, 6 and 7, with aerodynamic cut-off diameters of 1, 0.5 and 0.25 µm, respectively. The TXRF-NEXAFS measurements were carried out at the PGM monochromator beamline at the electron storage ring BESSY II. Based on linear combinations of standard reference spectra of (NH 4 ) 2 SO 4 and NaNO 3 , the ratio of ammonium and nitrate could be quantified. Nitrogen was present almost entirely as ammonium at stage 7. The ammonium to nitrate ratio shows a decreasing trend with increasing particle size in the range of 0.25-2 µm. More than 90% of nitrogen was present as nitrate in the continental stage 5 samples. The Antarctica samples collected at the same stage however showed a much lower nitrate to ammonium ratio (55% to 45%). Two stage 5 samples collected at Antarctica were investigated by single-particle electron probe microanalysis (EPMA) employing thin-window energy-dispersive X-ray detector. Several nitrogen-rich particles were analyzed at liquid nitrogen temperature in order to minimize beam damage. The results support the TXRF-NEXAFS observation that both ammonium-rich and nitrate-rich particles exist on stage 5. Some particles contained both ammonium and nitrate, however, pure ammonium nitrate particles were not detected.
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